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RESTITUTION OF HIGH-FREQUENCY COMPONENTS OF THE WIND
BASED ON FOUR DOPPLER MEASUREMENTS -~ RESTITUTION OF
LOCALIZATION

I. INTRODUCTION

As a first phase, project "Eole" attempts to find, from»the localiza~
tion of a balloon on two consecutive orbits, the cbntinuous lowfrequency
component of-wind.'fhe project requires localization of the balloon at
eaéh orbital.fevolution as perfect as possibie. Memoranda No. 10 and- 11
have shown the possibility of restituting under zero wind and on the
basis of two interrogations made by a Doppler measurements, the exact
position of the balloon taking into aécount systematic errors due fo
terreétrial rotation and the relative speed of satellite and balloon.
However, the investigation of the influence of‘fhe.Winﬁ"has”§ﬁ6wn that
such localization resulted in considerable errors of:qsqmmh as 100 to 150
km at a wind strength on fhe order of 200 km/hr; 3

At least a partial knowledge of the high-frequency components
of the wind was shown to be indispensible in order to correct the error
introduced. This knowiedge.can be furniéhed only by sequential data
obtained by diffe;ent'measurments during the’time of visibility. We intend

in this study to propose a method on the basis of an arithmetic processing

of the data which will make it'possible to restitute the geographic
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". components of the wind assumed to be constant during the time of visibility .
(on the order of 8 to 10 minutes).

IX. Principle of the Method

The jiterative proéess referred to in memo:andum No. 11 makes it
possible to completely restitute the lécalization, brovided the continuous
components of the wind are known.

Subsequently we can consider processing of the information utilizing
such a process on the basis of given wind data. Data so collected will make
it possible to isolate the influence due to the_wind and to restitute the
two continuous components of the wind. l

We consider a sequence of interrogation t.t=T, t + 2T, t + 3T

1

S S. and

.........7....,t + nT to which correspond the positions S 51 Sg

1°
Sn of the satéllite and thé'éarrespondingvvalues measured,by‘thefDoppler
effect cos lﬁlm,.cos §2m’ cqsn‘ﬁ3m, sessseveccscenises C?S!?nm taking

into account the terrestrial rotatioﬁ; the speed of fhe approach satellite-
balloon and the continuous compbnénts of the wind. In this firstlpart it

is assumed that the measured magnitudes are not affected by any errors. !
We shall see specifically in the secon& part the influence of the ionospheric
errors on the restitution of localization. The wind is further defined

by its two geographic components Vp and Vm assﬁmedAto be contant during

the time of visibility (Vp = component paraliei to the terrestrial

equator; Vp perpendicularvté Vm in the plane tangential to the sphere

of the balloons at the pont considered).

The process referred to in memorandum No. 1l and consisting of two
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iterative processes for compensating terrestrial rotation and an overall

iterative process for compensating the influence of the speed of approach -

satellite-balloon, makes it possible to restitute, on the basis of the

given components Vl and V2 and of two interrogations, the position of

the balloon falsified uniquely by the' erroneous components of the wind.

Let us designate respectively'by‘_fv',"l2 and 0., the longitude and the

12

inertial latitude of the balloon B21 at the instant t + T taking into

1 2

"' account the geographic components V. and V., and the two magnitudes cos

Blm and cos ﬁZm corresponding to the first and second interrogation. .

In similar manner, the second and third interrogatioh define, on
the basis of -the same components of the wind,’ the longittide _}_123 and the
latitude _623 of the ba}.loon B22 at the instant t + T. We thus associate L

with each pair of values V, V, the magni tudes k’23 '_'flz and 9.23 - ?12 i
which express the variations of longitude and latitude of the balloon at.
the instant t + T by utlllzn.ng only the three first interrogations. It

is obvious that V23 H12~ and 9 612 for V, = V,and V, = V.

In order to dlssoc:l.ate the respective 1nfluences—of ~the two components

of the wind, we plotted (cf. fige 'l and 1') the curves Pﬂ p“ = {'(V,,)

end ezs" 94: < —%‘(V,‘)‘ for: V2 = 0 and the curves st - Mz- _h (V;)

Eal e e, /‘ "' -
and ezs - an.. h (V ) for Vlwh O based on the three measured values
cos Blm’. cos BZm and cos |33 « The linearity of these curves was
verified in general end is expl_alned by the low value of the wind in

relation to the speed of rotation of the earth which results in relatively

slight variations of latitude and longitude of the balloon. On the other
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hand, the curves f (Vl) and § (Vl) are concurrent in a point such that.
. f(Vll) =g(Vll) = 0. With one component known, the second is subsequen-

tly determined in a unique manner with the aid of three interrogations

and is such that the distance d,, separating the two positions of the

12
balioon B and B -at_the'instant t + T, as calculated respeétively

21 22
from the first and the second interrogation as well as for the'secohd
and third interrpgation, is precisely .zero.
Subsequently, three interrogations and conseduently two localizations
make it possible to define é relatiop_F(Vl, V2) = 0 such that d;, = 0.
This relation is linear with very satisfactory‘approximatién and we again

11 21 Y
B(Vy) = kOp) = 0e o L e

find (cf. fig.2) the magnitudes V), and V,  such that £(Vy,) = g(V ;) -

e . . e e
T —— e

Three interrogations are insufficient for restituting the two

components of the wind but make~itvp6ssib1e to determine the stren#&ﬂ'*



-5 -
) .

" - of the wind if its. direction is known or vice versa. The foruth interrogation

(cos }34m) furnishes the additional information perimtting solution of
the problem. We resume the process described in the preceding by utilizing
e.g. for the localization of the balloon, the second and foruth interrogation.

We thus define for two given components of the wind the position B23 of
.the balloon (cf. fig.3) which we compare with the position Béiof the- .

balloon obtained with the same components df the-wind.'r- S

. dgeo ' Tl

—
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In similar manner, the dlstance 43 \ ‘J is cancelled when the

components V1 and V2 of the wind are subject to an approx1mately linear

relation G(Vl, V ) = 0 schematized by a.straight llne in the plane V.,V 5

The point L at the intersection of the two straight lines uniquely defines
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" the two components Vp and Vm of the wind and these, when reitroduce into

the process of localization, détermi.ne the exact position of the balloon.
This method for wh:i‘.ch we shall specify the formulation in the next

paragraph, suggests some remarks. The obkserved linearity of the curves

prevents any recurrent process for determining the magnitudes Vll’ V21’

12 22

which is esseatially only a function of the number of localizations

V., and V__ and consequently considerably reduces the time of computation

necessary for gathering all data.‘

The magnitudes Vll and V21' make it necessary to know the points

Al_ B1 and B2 (cf. fige 1 ;.-lnd 1') which require the following six localitations:
vV, =0 1) localization on base S, S, ' - A,...-_ﬁ_';_ -
_from which 'OA = Pas = Pae
vV, =0 2) localization on base S, S, o - ‘
v, =V 3) localization on base S, S, A
. from which BE v Mg~ Y o g
vV,=0 4) localization on base 5, S, . . ‘
= i 1.0 e S, S g .
v,y = Vy 5) localization og base S, S, . e L
: . from which A"Oh s ld,.,. TSR
Vl = 0 6) localization on base 52 53 ‘F “‘“““T* :

i .
ey

In order to know the magnitudes Vl2 and V?_2 only three localizations

are necessary because we' can 'profi.t from the localizations 1, 3 and 5

already made on base 5132°
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)

=0 7) localization on base S. S,

\v.
l 2 4 R Toa
2 = 0 1
1= 9‘ 8) logalization on base 32 S4.
=V

Y27 Va0

1 10 9) localization on base 52 S4

\

I
<

Completé restitution of the two coﬁponents requires nine localizations
with the aid of the general iterative précess where an additional localization -
is necessary for the restitution'of the poéition of the ballloon on the
basis of the‘componenfs of the wind. Mémorandum No. 11 points out the amount
of tiﬁe éf arithmetic calculation for a»complete;localiéation taking into -

“account tgrrestrial rotationvand the error of measurements We must therefore

expect a large ambunt‘of time of calculatioﬁ for the restitution of the

localization of a balloon. Consequently, a variant of the method will be

proposed in a éubsequent paragraph in order to reduce compufation time.

IIT. Formulation

The first pqrt of the program consists in an attempt to find from

a given.position of the.bélloon_B2 at the instant t + T, the measured

S o ;7 o - .
ValueSi cos ﬁlm, COS li_s_’zm.:............-....... COS. Emn at the instant t,,
t+ T,'t + 2T ...Q..I;,”t‘+ nT taking into account the velocity of rotation

of the earth, the speed of approach satallite-balloon, and the components



‘of the wind Vp and Vm.
The notations utilized are those of memorandum No. 1ll. Since
the ballooon is def:'_.ned by its longitude ‘P 1 and its orbital latitude

e ——yn
A ()‘a = (05( ,Ob‘>‘ : ,the different formulas for the solution of

o e e e e e e {

this problem are as fol'lows:

B2 from \@\_ and )‘1 glven position of the balloon at the J.nstant t + T;

when deSLgnatJ_ng by _ ‘o( ( Ox ohg we have.

SRS, Y ’

W= Hresin (c\n Vcos kel%\hpsa-td uosmmﬁ) Vs =-ge'ographic latitude of B2

FR—— \ \

e~ 'Fh‘c t’j{\m“ cos <m(x,+d) sinising )/ bosg, ,us()w(v = inertial longitude of B,

! ‘ . VpT '
-91 = Qz - .UJoT' - 4 cos P/e't = 1nert1al 1ong.1tude of Bl ‘ o o

) ) -
B cosi sin @, ¢ . .
U"el"l~v__ f flPl_ latitude of qu, - R““b < sin os \J4 43ty ¢ SW)H -
T e s 0 tos | - tes B cos D
L?“ = Are cos P‘ L\)m=orb:|.tal longitude of Bl .

T —— — €03 LE/

counted as starting from Ox .-

%’1 f—orb;w.tal latitude of B1

. . ol +’
From this we_ deduce' ‘°"-7 B | tes B, siv ( LP\
ey 1co'n"?n Sln >\2L T \/‘H-U —«vcosc?,‘ cos (\\)‘.;D'T (Jk))
Re Eaﬁz \/ A+0> < 2ucos .\(’1 cos >\  :- In order to define the measured magnitudes

——

) R

- cos B! l and ‘cos }3',2 , we must take 3.nto account the components of the

speed vector of‘ the balloon at.each instant of interrogation.

The components" of the speed vector referenced te the axes OXYZ

e . Lo . .. . B )
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The components of vector referenced to the axis Oxyz based on the orbital

. plane become:

-(w.cos‘)w.v‘,) sin O = Vo sin v eos OS¢

-

\( (wbccs \)' 1..VP> cos B¢ tost -'VM s\\ax.) a1 O cosd « tho‘s\.’ SHM- . ,

(w. cos \-’t +VP)¢059L sin - VH‘\ %"h\‘)“"m O aing #Vy, cos P‘ cos ¢

SIS

e e

by writing that: ‘
'(s B, V)
SASeBe] T

\V:BJ cosSe, o

we deduce from thi-s.

. . CO5 ﬁ;m oS )3 } ‘Bb' co.sv
e [ !
and we havei ‘ ..\\-\\ ‘-"

-
Y Y - .

’4-——’ 4

co's }3 “:': cos ﬁ’: (( (uo (4-1-% tJ,_-»—VT_,)sm e - Ve Q\h})z cos Qz) (cos(ﬁ cost‘a | uu:so()

+ (\» cos\)z-v VP) °b59 cosv - Vm 'im‘da sm% tos L *Vm tos- Pz sind Jcosw thq:-
~Usind ) 4 (( (U-)o Qosyz+vp) ees O, sinit + Vi s\h{ul 3in b sini s mtosp.cos&)

$\'M&)/:UQ

‘;Co5{3\'h"l’ cos 1‘5' (( (m“ eosluﬁvﬁ,) 3in ©4 ~¥m sml»*. cos 9)(&\@(05&9( ucos(o;ﬂ-ns-r»
- -f«u),cos P‘q—\/ cos ©,cos L ~Vn 3‘“Pl5‘h Bicos L +Vim cot), S\hL> (toﬂeﬁmtp,.-

o sin{d- ﬂs'\'>> & m cos\)( +VP> <039; simC 4 Ymsi P sin ©473in L4V ‘°‘Pl°°“‘

5““‘?'>/ L T e

‘With”
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e e B,
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o
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fhe second part of the program eonsists:ig finding, on the basis
.of the magnitudes cos Igi y CoOs ﬁgz , COS ); 3m and cos'/3 as calculated
by this method, the exact pOSltlon of the balloom and the geographic componi-
ents of the w1nd. We utilize the arlthmetlc program of restitution of
localization referred to in.memorandum No. 11 by modifying the formulation
and introducing the automatic caleulation of the magnitudes vll’ Vlz,

V21 and V22 required for the calculation of Vp and Vm.

-IV. Arithmetical Prqgram and Experlmental Results

The general arithmetical problem of restitution given in Annex 1
consists of a program of finding the measured magnitudes ces ﬁEnn‘and of
_the actual restitution~program. Table 1 groups'the results obtaiﬁed for
the nine localizations considered on rhe basis of the four magnitudes

" cos IBim  1€C ¢4 calculated for a balloon defined by B, (Q?z

- 0.261801 rad = 15°; >‘l2 an_d '"Al= 0.0383957 rad) and a wind with the
componeﬁts Vp 0.00000500 rad/sec = 115.20 km/hr and Vm = 0.0000700=
161.2 km/hr. The curves defining the variations of latitude and longitude
of the balloons were plotted (cf. diagram 1 and 2) by maintaining one of

the components of the wind constant. We verify in the specific case

underffeonsideration the linearity of the curves and obtain: ,lfﬁ‘

e e e

V., = 9,5 x 107° rad/sec = 216,88 kn/h
V,,==35x% 1077 " = 806,04 kn/n\ -
V,, =.13,5 x 107° rad/sec = 311,04 lkm/n

0o = 6,5 :’t"‘IO—5 rad/sec. = 149,76 kmﬂl .

————
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By carrying these values over to the plane V1V2, we determine the
. ~magnitudes Vp and Vm at the intersections of the two straight lines (diagram

3). The numerical solution (cf. Annex II which reproduces the arithmetical

results) furnishes the following values:

Vp = 0,00000512 rad/ . Vm = 0,00000709 \-«.cL/,.,“

——— Tt e e

The precision obtained is very satisfactory (on the order of 2 %)
and the corresponding position of the balloon calculated by the last
iterative process furnishes the following results.

©, = 0,261674 rad. . - Ad = 0,038381 rad

The'error in the position of the balloon after restitution of the
continuous components is on the order of 800 m where the error in orbital
latitude is prédominant. The method therefore permits restitution of the
localization of the balloon with very satisfactory approximation by
nearly completely eliminating the influence of the wind; (the errof due
to the wind in the pérticular_case under consideration was 50 km), it is
now reduced to 800 m. It is possible to improngthg.;ocalization by a
more appropriate selection of the base and of £he wind components. It
was shown in fact that such a choice is linked essentially “to the ionospheric
errors which can rather appreciably disturb the result. Very generally,
it will be noted (cf. diagram?) that the determintation of V.. will be

12

as much better as the component V selected a priori is very large in

10

absolute value and clse to V 2.‘Th:Ls observation becomes increasingly

justified with the decreasing slope of the curves. However, such a choice

requires a rather rough knowledge of the  components of the wind obtaine
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o TABLE 1 . |
’ .' ‘f’ ﬁ«m = 915376\?131 "f” 2 e = 013054504 o3 E'nn: -01"::;;2};‘31;6‘8_0,&%63"4‘
) Lécalizaj:ion "<V1 (v?.d./s,_c) V2 (ra.d./gec: 0, (rad) b (vué)
0 U -0,16274589 | 0,21895238
1 with . :
U1 Szf -
0, 00000350 0 ~0,16185602 | 0,21692967
2_with S
5, 5,
o 0. 10,00000350  |-0,16067090 | 0,21770575
3 with . .7~ - . :
S,l ..52 - ..
_ ) . |
0 0 ~0,16178245 | 0,21779094 | +
4 with o \ . :
Sp S84
o 0, 00000350 - 0 ~0,16123181 | 0,21616990
5 with c '
5,55 .
0 0,00000350  ~0,15994328 | 0,21682217
| 6 with “ o y . ,
8,53 '
0 0 -0,16309782 | 0,21937796
7 with -
8254
0, 00000350 0 -0,16224846 | 0,21740102
8 with |
i 0264
o . 0,00000350  |-0,16082130 | 0,21788610
i 9 with i e
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' e€.g. during the precedihg revolution. It.will be notgd,_however, that

. even a very poor choice of V. _  (like the one made by us) furnishes

10
very satisfactory results,

Ve Altérnate Method
The necessity for carrying out nine complete localizations on the
basis of the given wind requires a relatively large amount of time of
arithmetiéal calculatioﬁ; In order to limit the latter, we have considered
a.method consisting in a comparison at hte instants of interrogation of

the magnitudes effectively measured (cos Blm’ cosﬁ%zm eessvessses COS

}?nm) and of the calculated magnitudes. Localization is made on a given

base, (e,g. base S.S S,) and furnlshes a p051tlon B, of the balloon with

172 2

‘given wind components V . From this position and with.the same components

1’2
’ 8£'the wind, we calculate, at the instants of interrogation/t'+ 2Ty 5e00eces

St +{pf} the magnitudes cos E?é, cos F4,..............;..;..., cos 'ﬁ3
e ) ' i ; ‘ i . o n

which are ébmpared to the measured magnitudes cos [?3 y COS }34 geeccscccee

' cos-fs’ « Bach pair of values V1V2 is assoc1ated with two variations of

cos/‘?> at any two instants of 1nterrogatlon other than those hav1ng served

for locallzatlon (e.g. the lnstants t + 2T and t + 3T). The relatlons

o P+ B €. o B ) o8 (7
‘tosﬁ;,..cos Bama \"n(VJ) j I.‘ a} ’Q‘ °°sﬁl'_c°5;3n,__\’\(\/) 'fOI" \‘/S‘Cli‘

A

e

LN

complete the determination of the components .of the wind Vp and Vm in = -
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an entirely analogous manner to that considered in the preceding |

' paragraph. We verify the very satisfactory linearity of the functions

£, g, h and k which limit to only three the number of localizations made

" on the base S

land 52

. Table 2 groups the experimental results obtained for the case

and necessary for the restitution of the wind.

._cons‘ideréd in the preceding.

cos B.;m w-0,35723% 68 o03Fmx -0,61966364

= 90,5376 315]

Loéalizationf \A (PCLd/so¢>~ V ("Cf ‘/ 9\ A("’“‘*) \J, (I“G-C’L> cos ]33 cos B"‘
; 0 0 -0,16274589 | 0,21895238 | -0,35524293 | -06302808¢
1 with : . _ f
s1s?_
+ 0,00000350| 0 -0,16185602 | 0,21692967 | -0,35594457 | 06303496
12 With. . . . I
5,8, —
n 0 0,00000350| =0, 16067 090} 0,21770575 | -G,35571911 | -052992487
“3 wit_l'i ’ - . , v . . o
845,
TABLE 3]
. ' We arrive at the follow:.ng results: e
V47 = 0, ooooo994 ,v2 "'=0,00001464 . V, = =0, oooo3141 22_0 00000607
where e s B o “"“"*-——":_'__ T Bt

Vp = o ooooos14vc\[$v =0, oooooo7oe «a./sw R
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The accuracy for the components of the wind is approximately “

the same (on the order of 2 ) and the computation time was reduced at

Lo
a ratio of 1:4. The computation tlme for‘COS B and. cos B is negllglble ;?"sdrng

“in relation to the time required for complete localization. We have f .
| . : .
definitely adopted this method which makes possible rapid exploitation f”
‘of the resultas with very satisfactory accuracys i

[

S e e L e e e e et e bt et e 0 et em e et ettt e nemns

VI. Influence of Ionospheric Errors

The selection of the base of localization as well as that of tﬁe E\
.fbases requiring comparison of magnitudes has so far not been considered

- J51nce ‘the accuracy obtained is very satlsfactory and approximately the !
: 1 same for the different bases. However, since ionospheric errors apprec1ably;

disturb the measurements, the problem of selection of ‘bases becomes

e

o
|
b
; essential. It might be imagined that, with the selection of the base
of localization made, a statistical investigation of the results obtained155

+

/
for all other combinations of. bases would produce valuable informatione. f

{
1
Sl lHowever, the restricted number of interrogations durlng one ‘orbital /
;revolutlon and for a given balloon considerably reduces the quantity /ﬁ
!
|

"3ﬂ: of 1nformatlon requlred for a statlstlcal 1nvestlgatlon. ‘ : /
\ . .

I
S R
3 = e :
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In accordance with the report of J.C. Thoin and by utilizing the
. mean values of the absoluﬁe-and’relative errors for cos/gndue-to the"
fcontrlbutlon of the 1ntegrated mean index and of the horizontal gradlent
of qz 'y we con51dered an’absolute error of 10 in the measured
magnitude. On the basis of the magnitudes caloulated for a given position
of the balloon ({P,= 0:261801 rad = 15° and ‘X, + '« = "/ 383957 rad) and
for ‘two components of the wind (Vp = O. 00000700 and Vm = O. OOOdOSOO).

Localization is made from measured magnitudes falsified by excess of
10_4since the compution time at the present staoe‘does not permit'generation '
of a Gauss noise and localization for each corresponding value. On the
other hand, in ofdef to more.precisely indicate the importance of the
-selection:ofibases, we intentionally reduced the interval between
interrogation in order to profit from a large'number of oases (we profif

from seven poseibie'interrogations (cf. Figure 4) for T = 97.5 sec.)

Since localization is made on the base Sl S3 and restltutlon
then requires only two interrogations, we considered all possible
combinations of the other interrogations and the corresponding results

are shown in Table 3. . _ .f: ,' Sy
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L0$00000“0 ' 926000000 | $2500000°0 | WA

L |

3
Vm = 0,00000500 rad/sec!
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TABLE NO.

06L0000°0 mmmmooooo.o_ L£800000°0 | dA | [ -
%% | ‘lg¥s %Ps | an

71200000°0|  LYS00000°0 | 985000000  |88900000°0 | 9LL10000°0 | mA |].

' 21600000°0|  §L900000°0 | £9900000°0”" 449000000 | 06500000¢0 |  dA

10,00000700 rad/sc,

—

R

:Vp

ot

SgPg ) kg 9%%s % el M
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We should immediatély point out that the spacing of the bases

definetely has an influence on the restituted components of the wind.

‘Diagram 4 reproduces the curves representing Vp and Vm as a function

of the base utilized. The error is a direct function of the spacing
of the bases to a very appreciable degree. For the base 32 54, the
restituted components of the .wind are véry erroneous whereas the base

S comes to within better than 10% of the real components of the

2 S7
wind and restitutes the position of the ballopn with the ionospheric
errofs within better than 3km.

The increase of.the interval bétwéen interrogation reduces in
a very appreciable mannér\the erforslpf localization due to ionospheric
errors (cf. Méﬁofandum No. 13) so that we could expect that a large
spacing of the bases would sensibly diminish the errors. On the’other
hand, by referfing.to diagram ﬁo. 4, the asymptotic trend of the curves'};
wili be noted which appeérs to-tend toward the true positions'at the
rate at which the spacing at the bases increases.

The problgm of the initial selection of the first base of
localization -does not appear in such évident fashion. However, if we
desire to profit from the most distant base, we must reject'a priori
the interrogatiéns at the midpoint'of the.zone of visibiliﬁy. Although
the independence of'the ionospheric error as a function of fhe geometric

trajectory appears confirmed, the method consisting in utilizing the

first two and the last two inferrogations appears to be the most

satisfactory in view of thé sensitivity of the error of localization

to the interval between interrogation T:. It would be possible to ’
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- ‘utilizelthe first and the last interrogation as support of the base

_ serving for the compariéon of the measured and calculated magnitudes

and the second and next to last interrogation as base of localization

or vice versa. On the other Hand, the bases thus obtained are

approximately centered so that we are freed of the large amount of the
error of localization consequent on eccentric bases.

VII. Conclusion

With the aid of four suitably selected interrogations,.we cah
therefore restitute with satisfacto;y approximation the continuous '
components of the wind téking into account ionospheric errors. The
selection of centered aﬁd‘widéspaced bases'appreciabiy reduces the
ionosphefic errors and brings the error of localizétion within acceptable
limits (on the order of 2 to 3 km for a 200 - km/hr wihd)Awhere the
continuous components of the wind'éré'restiéﬁted within 8%. However,
it should be carefully noted that such pefformancgs are essentially

dependent on the bases utilized. In order to justify the conclusions

of this note in regard to the selection of these bases, we will investigate

in the'subsequenfimemoraﬁdum the 'influence of the various paramefersr
(interval between interrdgation'T,'position of the base, diétaﬁce from .
thé trace) on the iénbsphéric erfdrs, on.the efrors‘dﬁe io‘balloon.
altitude, aﬁd to tﬁe inaﬁcuracies'in the ephemeridés. ‘

In order_té.éarry out a satisfactory re$tituti9n of the
continuous compénénts §f thé wind, it is neceésary toAdissociate the
errors due to the windjfrom the other érrors and very épecifiéally the

ionospheric errors: The increase of the interval between interrogation
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for centered bases reduces the influence of the ionospheric errors and
copsiderably increases the effect of the wind. The increase of the
ratio of signal/noise = error due to wind/ibnospheric error provides
for a bettéf.restitutionvof the'cbmpénents of the wind and consequently

definitely improves.the locélization._
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ANNEX I - RESTITUTION OF WIND -~ RESTITUTION OF LOCALIZATION A

e D.'P VFLZH .'J'.O GAXKN
3/6k00° . AaKN-
V(398599/5°) -

- (10 /207

GT

Read Cy C» gszss T»M th

‘Calculate UG W Q7Y

State Hs~C1 Hc=02 V5l=01 V6=C2 F5-() Fa-o an() P4.1 Ie-() Gy=0

S ‘..‘,.}_\

State Pg-l II3£L,E2—CZ I’II_:CLI

If T<0 go to 90

State (13440)=C; (134h1)<Cy .

Program 100,0

Calculate1F3..F,,..E |
Calculate F:}-Lg-d?_g:?_t SRR :
If  {Fg|<0, 9@99553_1_ |F4|<0 <xxxx>e go to 28

If P Pll go to 28

.ot oss

. Make P3=P3‘."_l,.-

‘Calculate': L;gﬁ;ﬁ_% L
State Fg:]:

Calculate 0= ARC sm (( cos Fz)( SIN Lp)( SIN \4)+( SIN. Fp)( cos M))

Calculate Jga r.ac TG ((( cos M)( cos Fa)( SIN Ie) . sm M)( SIN Fz))/l
{_cos F2)( cos Le))

vy o s < oo 1 St e = e SRS S e 20

e B e R

]

P
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ANNEX I (Continued)
18 Calculate Ji=Ja=-0,Xi(77268T-2sT/ COS O
19 Calculate101=0é;z6T ;

20 Calculate :La ARC TG ((( COs M)( SIN J;)( cos 0y)+{ sIv M)( SIN ol))/( ccs J;)
. {cos o)) B |

21 - State. LliL}i .
22 Calculate’Fy= RC €05 ({ COS J,)( C0S 1)/ COS L,)
23 Calculate CJ.‘( CCs Fl)( SIN (LJ.*Y-B))/’*/(1+U‘-2U( Ccas Fx)( Cos (1'-1+Y-B)))'

24 Calculate gsnatlg;:q;_ -

25  state Cy=C3 Hg=Cg | |

26 Go to 5

27 Go to 5

28 If G»0 go to 36 e ;

29 érint with 6 DEC RC F2 TAB Lo~TAB G RC. . o o =

30 Calculate Ju=FgeFp | ‘

31 Calculate J4=Fg=Lz'-

32 State Fg=Fz Faslo.

33 110540, 000002 ST [75]<0,000008g0 to 50

34 If P4,>7 go to 50‘ |

35  Make P,=P,+1

36 StateZ l"=1ifz"2:&:; I=1

37 _ Calculate Cq=Z1+((=(0,00007268( COS Oy )+zs)( SIN Jy)-Zg( SIN oi)( Cos Jy) )
W( €os Fy)( COS Ly)=U €08 (B-Y))+((0,Xx07268( COS Of)+2Zs)({ COS J; )( cos M)

Y=Za( SIN O3 )( SIN J¢ ) cos vx)+ze( C0oS 0g)( SIN M) )}(( cos Fi)( SIN Li)-U SIN (

B=Y S+(z COS 0g)( COS M)+Z Ji)( SIN 04 )( SIN M)=(0,X0007268( COS 03 )+Zs

§ } ?/cu}N 1+u2 j ¢

) sIN M)( cos J3) ) sn\r Fy) ~2u{ €0s Fy)( €COS Ly coS F
1)( s1v Lg)( SIN (B-Y .

B e R y—r - - — pe—

38 State Y =0 _-7.-* L

( ccs (B-Y))-2U

39 Make T='[+'|‘ ‘

B
-
[

K
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ANNEX I - (Continued)
If T42 go to 37 . .
Calculate Y=G,T
State 0msg.
If GO go to 4 -
State Vz=C, Vo=
Calculate. (_I ‘1_3\/5}1;5_-1(3}
Catcutate CpmiotigVyl
State Vs=C3 Vo=Ca|
Calculate Y=G,T| e
Go to 4 _
Calculate I=Xo+l; ’
State Ay=Lp

Print with § DBO RC Ayl

Print with|8 DECRC Nj TAB Kj!
If IT»9 go to 57

Go to 1

Calculate X320, 00000350(NgeNy ) /(Ny=ly ~Ns+liz)
Calculate 'Xo=0), cx>oc>o350(x4 -K;) /(K4-K1-K'6+JQ)
Calculate Xg=0; (00035 O(N7=1z ) /( N—,-N.» -N8+N5 )
Calculate X4=0, ()()()()()35()(1{7-}(4)/(K7-AC4-:(9+1Q3)L
* Calculate X5=X1X3(Xz-Xs ) /(Xaxa-ml)
Calculate X6=J(2X4 (X3°XJ. )/ (xsxa'qu;)
Print with DEC RC Xs TAD. xe‘w

Gotol EA T
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92

93

94

95

96

98

99

100

101

102

103

104

105

106

. 107

)/( cos F2)( €08 L))
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ANNEX I (Continued)
State Y=|Y|
State (13840)=0z_(13441)Cs.
Interrogation
Program 100,0

)

State D1=(l3'+50) Da=(13‘+l&9) E=(l3‘*51+).

State ‘Y= -Y %

Go to 9
State Xg=0: |
Go to 1

END

VERIFICATION PROGRAM S
Read F2 Lz 25 Zg § T M B.
Print 8 DEC RC S TAD T TAB M RC' -
Calculate U G W 0 Y

Calculate Op= ARC SIN N (( cos F2)( SIN Le)( SIN M)+( SIN Fa)( COs M)

Calculate |Jp= ARC 6 (((cos MY Cos Fo)( SIN Ie)- ( SIN M)(* SIN Fa)

Calculate, J1=Jg-() (xx>(77268'1'-zs'r/ cos 02

Calculate 01‘02-ZGT P

108 Calculate ¢L1= ARC TG ((( Cos \4)( SIV J,,)( cos o;)+( STV M)( SIN 01))/

( cos J’;)( cos o;))

Slge v T

: .~C.4.;.'. AL R
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ANNEX I (Continued)

| SFLERSNS 110, (M EV15 EV51 AZEMLO5,1

- SF1MLO5,12 Evak EV4E EV15S  IF1EOF8
RVLGAPL - EV2S EV23 EVSL  mv30

ARCIR6 EVil EV33 EV53  EV35
‘T1EMLOS,14 - EV37 . Evah EV25  gv23
TEEMLE2, 91 EV15 X EV30  Evs6
RMLOS,30 EV3L EV37 EV35  gmyal,

X EV33 EV51 EV23 zvik

X Evik EV52 EV5S  IFoROFS ,
X ~ EvbL- EV15 Evel RIL60,1 :
X . EV4T EVLE EVlk :
'FE ' EV4G ‘ EV33 A1EML(S ,,p

U
e

SECOND METHOD OF LOCALIZATION -

PAF

 =10CDPVF L_z'"‘n".r‘_fé"_c“a‘;t"'x'. ¥ -
U = /6400 E .

6 = (398599/5%);

W= (1+0?)/2u

Q=1/U |

1  State X=0 Cg=-0, 35826262 c4=-o 63251529,"'-'

2. ReadJaOZ Zs_ ZGSTMB

3 CalculateU G W 0 Y‘

4 Calculate 'J1;J'2-0 (xxio7268'r-z5'r/ cos 02 |
5 Calculate; 01-02-Z6T

&  CalculateLy= ARC TG (‘(( cos M)( sm Jl)( cos’ o;+( SIN M)( SIN o;)/( cos J’x)
(Cxs 01)) _,_; L

7 . Calculate’ F1= ARC cos (( cos Jl)( Cos 01)/ COS Iq.)' o
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SECOND METHOD OF LOCALIZATION (Continued)
8  Calculate Cy=( COS Fi){ SIN (Ly+¥-B))A (1+U%-2U( €08 Fy)( €0s (Ly#Y-3))
9 State Z}fg}_ }:l

10 Calculate Ci=Zi+((=(0,00007268( COS Oy )+Zs)( SIN J1)-Zg( SIN 04 )( cCs J¢))((
COs F;)( COS L;)=U CCs (B~Y))+((0,007268( COs 04)+Zs)(( COs J:){ cCs M§
SIN 0;)( STV Jy)( cos M)+2e( €OS 04)( s M))(( cOS Fi)( SIN Lg)-U SIN (B-Y))
+(2a( C08 03)( COS M)+2Zg( SIN J3)( SIN O5)( SIN M)=/0,X7268( COS 04 )+Z5 )
SIN ¥)( CO0S J;))( SIN F;))/-Gd(puz-zuf

)-25(

cos Fy){ CoS Lg){ cCs (-¥) J=2u{ cos Fg)

(_sIN Ly)( sI¥ (B-Y)))

11 Calculate ;fggf}f
12  State Ny=Cj XoeI! S

13 Print withE_B_:.‘]-)Eg_B‘gil\I;jﬁg:} '." .

14 IfI53 go to 16 - R

15 Go to 2 .

16 If T&=200 go to 21t .

17 Calculate»'.x.1=_‘?:.9.‘299%5_Q'.(}??_i‘.-_Ca )/(Wy=Nz) -

1o Caleulate Xpm0, 000003500 -Co)/(yss): L
19 State Xg=0i . - | e

.20 Go to 2

’

21 . Calculata Xz=0,0000350(Ny=Cy ) /(Nyolz): = o ;

22 Calculate Xz=0,00000350(NyCa)/(Naula)} - =~ = It il

23 CalculateXsKiXa(Xa-Xe)/(XaKz=KeXa)! '~/ s

24  Calculate Xe=XaXe(XgXy)/(XaXa-XeXy)? - _‘
25 Print with8 DEC RCX] TAB Xz TAD Xa TAD X, RS/ .
2 Print withDECKs BB Xl . .

27 END

St e A 8
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SECOND METHOD OF LOCALIZATION {(Continued)
109 Calculate Fi= &RC COS (( COS J1)( ccs q;)/_gcs*wr,l)_'
110 Calculate Cy=( COS F1)( SIN (Ly+Y-B))A (1+U-2U( CCS F1)( €08 (Ly#¥-B)))

111 Calculate C2=( CO0S F2)( SIN Lo )A(1+U=-2U( COS F2)( COS Lz))

1125 State2,=C; Zo=Cp I=1

113 Calculate Cy=Zg+({(=(0,00007268( CCS 0; )+Zs)( SIif Ji)-Zs( SIN 03)( CC8 J3) ,
J(( €os Fi){ COS Ly)-U COS (B-Y))+({0,00007268( COS oi)+.z5)(§ ces Jg)( cos 1))
-zGS SIN 03)( SIN Jg)( €OS M)+2g( COs 05)( SIN M))(( CCS Fy)( SIN Ly¢)-U SI¥ (-
B-Y))+(Zs( COs 05)( COS M)+Zs( SIN Ji)( SIN Oy )( SIN M)=(0,x007268( CCS Of)
+25)( SIN Mgé cos J;))S' SIN Fy))/-G (1+u2-auf Cos Fy)( COs Ly)( ccs (B-Y)S-ZU( cos

Fg)( sIN L;)( SIN (B-Y))) .

114 Interrogation"

115 State Y=0: -

116 Make I=T+1!

117 If I4 2'go_té'ﬂ.‘ii3“':- L ‘

118 Print with ~§'Dz_c~f"cj:_{jri@wc:_2 ‘m_;é;m_@;_gg RC, _~
119 State T=-T' B

120 Go to 1103’

_MPER3_

100, 0M b{ AbEID82,94 |1 | SF6RS ¢ 1 ALEMLO5,22+ i RVLO,QAN7 ~
. T12M105,30 ; 4 ASER2 ~ .| SF6Rr3 \ . AFIR2 | ASEMLE2,96
- A1EMLGS,0 i“:’ MFSRY #0 TOMLOS,21 | i QFIR6 | SFSR6 '
_ AZERL 1 TSML05,22 I:.i SF2ERG |1 SF2ER1 L aFsve
© . MFeR1 LT MPSRY b ASEVO |1 AF2EVL '\ A1ERT
| AlEMLO5,1 | AGERS 4y #3ER1 . BV10,AN2 I i MFIRS
A3ER1 l MFER2 . SFIR2 A ERCERI i X ‘
i MF3RL | .| SFGRS -4 AGER3PL (| ALEMLG5,0+ .} RVE2APL
A1ER2 b | SFER2 :| A6mRem W A1ER2P1 || SF1ERS -
" SF1IR3 || TOMLO5,20 B AIER6 ? SFIFR2N1 - | | QF1V2
CAIER3NL U0 X i YFGRL .} muaos,ge || ASERL
~ AlER2P1 '] SF1ER6 1] . AlsEVO - } RVETAYLS | AFGRS
X ‘+ ASER3 .| AlEMI(5,20+ © /L1SEVL . ' AIERTPT
54EMI82,90 MFSRL .| A2ER6 ;i Rvb7a | ! SFLERTNT
ASERM TSML05,23 |.; MF2R6 I, ATEMLOS,9 . SF1MLOS,11
MFSRL t | MFSRL {1 AFIR2 - }; SFTML05,10 . | ° X .
SF5R1. . ABERS i1 ALEVONL il SFTML82,98 . | * RV92aNL
RVO,GANS - |'LY¥YFRY ! RV7saYS' . ALERSP5

o
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ANNEX IT

Cb -0 55\‘\3‘4 69 Cq = ‘0162966 364

SENESEESEESSS el
SO -
d

P051t10n of Balloon
Q= fz 0,261804

Lys © ©3IBIDBF |
Wind

‘-.4 VV ©, 000005060 \/w.-,- o,cNOOO?OO

F2=-0,269975

[

Fp= 0;269358
‘F= 0,269358

Aq= 0,03851151
Ny= 0,16274589
. Fo=0,267992 -

F2= 0 1267317
Fp= 0,267318

A= 0,03765368
Np= 0,16185602
F_= 0,267904

‘Fo= 0,267042
Fo='0,267041

Nj_ 0,03906953.

0,16067090
Fz- 0,267977

Fo= 0,267869
Fo= 0,267873
Fy= 0,267875

= 0,03834092
N4= 0,16178245
‘Fy= 0,266466

' Fo= 0,266357
Fz— 0,266358
A= 0,03754580

N5 0,161 23181

b ey

" Lp= 0,037652

L= 0,037544
Lp= 0,037546

" Lp= 0,039175

Lo= 0,038512 . _ e
" Localization 1

Lp= 0,038512

K1= 0 21895238
L= 0,038374

Ly= 0,037654

Ko= 0,21 692967;"

Tt e e e

iLoca_l_J‘:zat'io’n"_2~ :

Lp= 0,039722 [ -

Lo= 0,039068
L= 0,039070

Ks= 0,21770575 "

L= 0,038871

Ip= 0,058339 |
Lo= 0,038341 '

Lo= 0,038341

Ky= 0,21779094], -

L= 0,038119

| Localization 3 « .

iLocalization 4 - -

-------

Ks= 0,21617990 |+

S S O SR R AT e St



Fo= 0,266180
Fy= 0,265914
Fy= 0,265915
Ag= 0,03893649

Ne= 0,15994328
F2= 0,269469

F2= 0,269902 .
Fp=0,269902

fp= 0,03857493
N= 0,16309782
Fy= 0,267409

Fo= 0,267925
Fyo= 0,267922
Fo= 0,267922

4g= 0,03772163
F,= 0,267096

P~ 0,2672T1
Fy= 0,2672T5

A= 0,03509540

" Ng= 0,16082130

= 0,00000512
Fo= 0,262907

' Fpo= 0,261679
T Fo=0,2616T1
" Fy=0,261674
F,= 0,261674

- 29';

A Lo= 0,039458 .

L2= 0,038935 '
Ly= 0,038936 °

K6= 0,21682217
L= 0,038923

L= 0,038576
L= 0,038575

= 0,21937796
%Z; 0, 038085

L,= 0,057723
Lo= 0,037722
Ly= 0,037722
Kg= 0,21740102
Lo= 0,039445 -
Ip= 0,039095
Lo= 0,039095

K9= 0,21788610
Xg= 0,00000769

L= 0,038380
L= 0,038380

Localization 6:

; Localization 7°

;
i
!
{

i

i
i

; 1localization 9t -

1

! .
: .
HE

;Wiﬁ@wgqgtitutedfxiffiﬂ

-
!

e e

L= 0,038381 [fBéiloon“poéifidndféétitﬁééd

Ly

4o e

= 0,038381 |

Cwe o - ‘ji," f%f '
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